Observations of stellar clusters have had a tremendous impact in forming our understanding of stellar evolution. The open cluster M67 has a particularly important role as a calibration benchmark for stellar evolution theory due to its near solar composition and age. As a result, it has been observed extensively, including attempts to detect solar-like oscillations in its main sequence and red giant stars. However, any asteroseismic inference has so far remained elusive due to the difficulty in measuring these extremely low amplitude oscillations. Here we report the first unambiguous detection of solar-like oscillations in the red giants of M67. We use data from the Kepler ecliptic mission, K2, to measure the global asteroseismic properties. We find a model-independent seismic-informed distance of 816±11 pc, or (m − M ) 0 = 9.57 ± 0.03 mag, an average red-giant mass of 1.36 ± 0.01 M ⊙ , in agreement with the dynamical mass from an eclipsing binary near the cluster turn-off, and ages of individual stars compatible with isochrone fitting. We see no evidence of strong mass loss on the red giant branch. We also determine seismic log g of all the cluster giants with a typical precision of ∼ 0.01 dex. Our results generally show good agreement with independent methods and support the use of seismic scaling relations to determine global properties of red giant stars with near solar metallicity. We further illustrate that the data are of such high quality, that future work on individual mode frequencies should be possible, which would extend the scope of seismic analysis of this cluster.
INTRODUCTION
M67 is an open cluster with approximately solar age and metallicity, making it a prime target in stellar astrophysics for decades. After the demonstrated success of applying seismic techniques to the Sun (e.g. Duvall et al. 1984; ChristensenDalsgaard et al. 1985) , recent decades also saw studies aimed to detect solar-like oscillations in these cluster stars, mainly around the main sequence and the turn-off (Gilliland et al. 1991 (Gilliland et al. , 1993 . However, success was limited, due to the extremely low amplitude oscillations. In the hope of obtaining unambiguous detections a 6-week 10-telescope multi-site campaign was launched, aimed to detect oscillations in the cluster's giant stars (Stello et al. 2006 (Stello et al. , 2007 . With only marginal detections at best, this campaign concluded the past two decades of ground-based attempts. Fortunately, the Kepler space telescope turned out to be an incredible source of asteroseismic data, clearly showing oscillations in open cluster red giants. This allowed inferences to be made on cluster age, mass loss along the giant branch, and seismic member-ship (e.g. Stello et al. 2010; Basu et al. 2011; Miglio et al. 2012; Stello et al. 2011b ); including results showing that the oscillation amplitudes anticipated for the giants by previous ground-based campaigns were generally overestimated (Stello et al. 2011a) . With Kepler's ecliptic second-life mission, K2 (Howell et al. 2014 ), its potential for seismic studies of open clusters increased because of the many clusters within its new viewing zone. In particular, data from its observing campaign 5 has been much anticipated because it included M67.
In this paper, we report the first results in a series arising from a large collaboration aimed at observing and studying M67 using K2 time series photometry. After a description of our general target selection, we focus on the analysis of the red giant cluster members. Initially we make comparisons with previous attempts to detect oscillations, and follow on with measuring the global asteroseismic properties from which we determine stellar radius, mass, and age. We compare these results with independent literature values and investigate the asteroseismic scaling relations, widely used for radius and mass estimation.
OBSERVATIONS AND LIGHT CURVE PREPARATION
The goal of the general target selection for the K2 M67 study was to include all stars for which extensive kinematic information supports even a modest probability of cluster membership. Sample completeness in the majority of the cluster has been assured by using a 400 by 400 pixel (26.5' by 26.5' square) 10 superaperture centered on the cluster, which is recorded and downloaded to ground in its entirety. Outside the dedicated aperture, all known or 10 The superaperture size corresponds to approximately six core radii of the cluster (see Geller et al. 2015 , and references therein) suspected cluster members were added as single targets; we adopted P RV , P PM > 20% to be inclusive. The superaperture and all added targets for M67 were observed for about 75 days (Campaign 5, 27 April -10 July, 2015) in the spacecraft's long-cadence mode (29.4 min), while a few were also observed in short cadence (58.85 sec). Extensive cross-checks verified that all the giant members were included in our proposal (e.g. all Stello et al. 2006 targets) .
For this investigation, the extraction of photometric time series (light curves) was performed using the technique by Vanderburg & Johnson (2014) with the updates described in Vanderburg et al. (2016) both for single targets and those captured by the superaperture. For some of the giants, we processed the light curves in a slightly different manner. The Vanderburg & Johnson (2014) method accounts for low-frequency variations in K2 light curves by modeling them with a basis-spline, usually with breakpoints every 1.5 days. For giants with oscillation frequencies around ∼ 10 µHz, we used a faster spline with breakpoints every 0.3 days to model the low-frequency variations, which in these cases are dominated by the seismic oscillations. Modeling the oscillations with a faster spline decreased the noise level in the light curves. Of the resulting light curves, about 70% arose from the superaperture.
The post processing of the data follows that described in Stello et al. (2015) . In short, we apply a high-pass filter and fill short gaps, using linear interpolation. The applied filter had a characteristic cut-off frequency of ∼ 3µHz for most stars, and ∼ 6µHz for the low-luminosity red giant branch (RGB) stars (V > 12.4). The light curves of the two most luminous stars were not high-pass filtered, to avoid affecting the oscillation signal.
STELLAR SAMPLE AND COMPARISON WITH PREVIOUS

RESULTS
For the following asteroseismic analysis, we selected all giant stars with available K2 data if they were listed as kinematic members by Geller et al. (2015) and were following the giant branch including the helium-burning phase in the Hertzsprung-Russell diagram (Figure 1 ). This seismic sample is unique in the way it spans the entire RGB, bottom-totip, and the helium-core burning 'red clump' (RC) phase of a simple stellar population. Whether it includes any asymptotic giant branch stars is unknown. However, generally stars brighter than the RC but fainter than the RGB tip are most likely RGB stars. We do note that while EPIC211409660 and 211407537 have effective temperatures compatible with the isochrone RGB they have lumonisities near the asymptotic giant branch luminosity bump (Salaris & Cassisi 2005) , located at V ∼ 9.6 − 9.7. We calculated the power density frequency spectra for all the giants, to reveal the presence of oscillations. The power spectra of a representative sample of our giant targets are shown in Figure 2 (black curves) with ordinate and abscissa ranges identical for all stars. The panels are ordered by brightness, indicative of relative luminosity for cluster stars, going from brightest at top left to faintest at bottom right. It is unambiguous that we see oscillations for the entire range of evolutionary stages spanned by the cluster giants. Montgomery et al. (1993) and membership is from Geller et al. (2015) . Stars with detected oscillations are encircled and indicated by their EPIC-ID. Gray curves show BaSTI isochrones of 3.5 Gyr (dotted) and 4.0 Gyr (solid) (Pietrinferni et al. 2004 ), shifted 9.7 mag vertically and 0.03 mag horizontally. The instability strip is shown by dotted black lines (Rodríguez & Breger 2001) . The eclipsing binary HV Cnc is marked by a red star symbol.
at high frequencies that the largely photon-dominated (white) noise increases towards fainter stars.
Our clear detection of oscillations naturally leads to the question of whether previous ground-based campaigns did indeed detect this signal. For this, we focus on Stello et al. (2007) who specifically targeted the giants. In Figure 2 we show stars in common with Stello et al. (2007) (gray) . We conclude that the reported excess power by Stello et al. (2007) could quite plausibly be oscillations for the most luminous stars in their sample, near the red clump luminosity, while it seems unlikely oscillations were detected for the lower luminosity RGB stars. A similar comparison with the one giant (211408346), which fell serendipitously in the turn-off star sample studied by Gilliland et al. (1993) , showed noise levels 5-10 times too high in the ground-based data to plausibly see evidence of the oscillations.
EXTRACTING SEISMIC OBSERVABLES
To demonstrate that we can perform meaningful seismic analyzes including extracting the large frequency separation, ∆ν, and the frequency of maximum power, ν max (and in FIG. 2.-Power spectra from K2 data of 10 representative giants (black). The region affected by high-pass filtering is indicated (dotted curve). Ground-based results (Stello et al. 2007, S07) are also shown (gray). The K2 and ground-based spectra are smoothed to a common frequency resolution. Arrows indicate the oscillation power. Both EPIC and S07 IDs are shown. many cases possibly individual frequencies), we show regions of power spectra andéchelle diagrams centered around ν max in Figure 3 . For stars with ν max 10 µHz, we expect the uncertainty in ∆ν to be relatively large, limited by the frequency resolution of the K2 data (Stello et al. 2015) . For the most luminous star (top) we therefore over plot a comparison spectrum in red of a similar star observed for four years by Kepler. With a formal frequency resolution of ∼ 0.15 µHz from the K2 data we only obtain the broad features of the underlying mode structure, 'just' enough to measure ∆ν, which also explains the somewhat blurryéchelle diagram for this star. Comparing theéchelle diagrams from top (near the RGB tip) to bottom (near RGB bottom) we see the known gradual increase in the location of the radial mode ridge (see vertical dotted lines), also known as the offset, ε, in the asymptotic relation for acoustic oscillations as observed by e.g. Huber et al. (2010) ; Mosser et al. (2011); Corsaro et al. (2012) . For the star in the bottom panel we start to see the slight decrease in ε, as expected from models (White et al. 2011) .
Using the method by Huber et al. (2009) to analyze the power spectra, we were able to detect ∆ν, ν max , and oscillation amplitude for all the observed giants of M67, except four stars near the bottom of the RGB, which were only observed in the spacecraft's long-cadence mode. Non-detections among these stars are expected because they oscillate beyond the long-cadence Nyquist (half the sampling) frequency of ∼ 283 µHz, making it harder to measure the seismic signal. We were, however, able to measure the signal for another two such 'super-Nyquist' stars (see Yu et al. 2016 , for a similar technique applied to field giants). In addition, the superNyquist issue was mitigated for four giants, for which K2 short-cadence data were also available. Despite that, the star sitting at the very bottom of the RGB (211414203), showed only marginal detection due to the intrinsically lower oscillation amplitude and increasing photon noise towards less evolved and fainter stars. Also, the largest and most luminous giant in our sample (211376143) oscillates at such low frequency that ∆ν cannot be measured. We list our measured ν max and ∆ν values in Table 1 (columns 4-5), and plot them together with oscillation amplitude in Figure 4a . It is evident that the stars with small error bars line up almost perfectly on a straight line in ∆ν-ν max space as expected for stars with almost the same mass (e.g. Stello et al. 2009; Huber et al. 2010) . The isochrone in Figure 4a (gray) has a mass-change along the RGB of less than 0.03M ⊙ . Significant differences in mass move stars above or below a straight line in this diagram (e.g. Stello et al. 2009; Hekker et al. 2011 ). This demonstrates that these stars are excellent candidates for testing the seismic scaling relations for different evolution stages where most properties are otherwise similar for all the stars. To further support the detection of oscillations, we show that the amplitude-ν max trend follows that of solar-like oscillations in field red giants (Figure 4a ; lower inset). We were not able to obtain robust measurements of oscillation amplitude for the two most luminous stars.
BENCHMARKING SEISMIC SCALING RELATIONS AND MASS
LOSS
Having several giants in various evolution stages enables us to estimate the stellar masses along the RGB and RC, and in combination with eclipsing binaries, to benchmark the seismic scaling relations (Jeffries et al. 2013; Sandquist et al. 2013; Brogaard et al. 2012 ). In addition, one can look for evidence of mass loss (Miglio et al. 2012 ). To do this we first need T eff for as many stars as possible.
Temperature scales
We used two sources for T eff . Our main source came from applying the Infrared Flux Method (IRFM) methodology by Casagrande et al. (2010) on 31 stars in our seismic sample for which optical (Tycho2 and/or APASS) plus 2MASS photometry was available. Here we assumed [Fe/H] = 0, E(B − V ) = 0.03 (e.g. Casagrande & VandenBerg 2014 , and references therein), and seismic log g obtained from ν max and an initial T eff . The method is only mildly dependent on the adopted gravity and metallicity, and convergence in T eff was reached after one iteration with seismic gravities. The adopted T eff and uncertainties were derived by averaging the results obtained by implementing the aforementioned photometric systems into the IRFM following Casagrande et al. (2014). The scatter was used to estimate the uncertainties after increasing it by 20 K to account for the systematic uncertainty on our T eff zero-point (Table 1 column 6) . For comparison we also adopted spectroscopically-determined T eff values from SDSS-DR12 (Alam et al. 2015, FPARAM) , for the 27-star subset for which T eff was available from both sources (Figure 4b ).
Seismic radius, mass, and age
First, we use the (uncorrected) asteroseismic scaling relations, ∆ν ∝ M 0.5 /R 1.5 and ν max ∝ M/(R 2 T 0.5 eff ) to determine radius, mass, and log g for each star (Table 1, columns 7-9) . Because the ∆ν-scaling is known to show a temperature and metallicity-dependent bias based on stellar models (White et al. 2011; Miglio et al. 2013; Sharma et al. 2016; Guggenberger et al. 2016) we apply the required correction using the public correction software by Sharma et al. (2016, corresponding to option 3 in their Table 1) 11 ; this has been shown to bring seismic masses (and radii) in better agreement with independent determinations from eclipsing binaries and interferometry (compare option 1 and 3 of Table 1 in Sharma et al. 2016 , for an overview). The re-derived (corrected) scaling relation-based radii and masses are listed in Table 1 (columns 10-11). We investigate T eff -related systematics by adopting the SDSS-DR12 T eff values, which on average are 90 K hotter than our main IRFM-based values. This shifts the radius (∼ 1%), mass (2-3%), and log g (∼ 0.003 dex) to larger values, of all scaling relation-based results.
In order to also obtain ages we need to apply stellar models, which also provide more precise, but model-dependent, determinations of radius, mass, and log g. For this we use the BAyesian STellar Algorithm (BASTA, Silva Aguirre et al. 2015) with a grid of BaSTI isochrones that includes both RGB and RC models (Pietrinferni et al. 2004 ). To avoid biases arising from the ∆ν-scaling we correct the ∆ν values in our BaSTI models applying the prescription of Serenelli (in preparation), which is based on computed oscillation frequencies (analogous to the approach by Sharma et al. (2016) ). For each star we adopt the average composition from Pace et al. (2008) Table 1 (columns 12-15) and we show the mass and age as a function of ν max in Figure 5 . Here the T eff -related systematics are negligible compared to the quoted uncertainties except for a slightly lower SDSS-DR12-based age ( 0.08 Gyr). To highlight metalicity-related systematics we repeat the gridmodelling with [Fe/H] = 0.08 ± 0.03 dex (the average from SDSS-DR12), which also show negligible shifts, even for age (+0.03 Gyr).
Average cluster properties
In the following we present weighted average cluster properties and uncertainties on their mean, and accounting for the systematics described above. To calculate cluster averages we ignore the results from star 211414203 because it is a marginal detection, and 211406541 because its evolutionary state is ambiguous; it appears as an RGB star in the CMD but as an RC star in a log g seismic -T eff diagram (Figure 4b ). There is an indication in the power spectrum that the ν max measurement could be underestimated, which we believe is the most likely cause of its deviant mass, and hence age (Ta- (Table 2) . ble 1). We note that 211406540 appears marginally discrepant (Figure 4a , RC close-up), but do not exclude it.
From the seismically-determined radii, we calculate the cluster's distance modulus, (m − M ) 0 , to be 9.61 ± 0.03 mag (830 ± 11 pc), 9.57 ± 0.03 mag (816 ± 11 pc), and 9.55 ± 0.03 mag (811 ± 11 pc) based on R sc , R corr , and R grid , respectively (Table 1) . From R corr we see good agreement between the distances based on RGB (9.57 ± 0.03 mag), and RC (9.59 ± 0.07 mag) stars. Bolometric corrections were performed using the calibrations of Bessell & Wood (1984) and Flower (1996) , taking σ(T eff ) into account, and we assumed A V = 3.1E(B − V ) and neglected the uncertainty in apparent magnitude. In comparison, literature values fall typically in the range 9.5-9.7 mag (795-870 pc) (see Geller et al. 2015 , and references therein). Adopting SDSS-DR12 T eff values increases our distance by 0.10 mag (35 pc), while changing [Fe/H] has a negligible effect. Changing reddening by 0.01 (Taylor 2007) will change distance by 0.03 mag.
We find the average seismic mass of stars below the RGB bump to be M sc = 1.39±0.02 M ⊙ , M corr = 1.34±0.02 M ⊙ , and M grid = 1.36 ± 0.02 M ⊙ . These are all in agreement with the expected lower-RGB mass, which we derive by extrapolating the dynamic mass, M EB = 1.31 ± 0.05 M ⊙ (Gökay et al. 2013) , of the eclipsing binary HV Cnc/S986/WOCS4007 (Sanders 1977; Geller et al. 2015) located near the cluster turn-off (V = 12.73, B − V = 0.55; Figure 1 ). To extrapolate, we add the mass difference between the location of the eclipsing binary and that of the RGB along the BaSTI isochrone, which is 0.05-0.09M ⊙ for the RGB below the bump, hence resulting in expected masses of about 1.36-1.40M ⊙ . Because the uncertainty of the expected mass 
is at least 0.05M ⊙ (from σ(M EB ), which is probably underestimated), we are not able to make strong conclusions on which seismic method provides the most accurate mass. The average RC star mass is M sc = 1.37 ± 0.09 M ⊙ , M corr = 1.40 ± 0.09 M ⊙ , and M grid = 1.40 ± 0.03 M ⊙ , which for the latter two is 0.04-0.06M ⊙ more massive than for the lower RGB. The RC-RGB mass difference is expected to be only 0.02-0.05M ⊙ , assuming no mass loss along the isochrone. Hence, we see no evidence of significant mass loss along the RGB. This seems to align with the seismic-based results of Miglio et al. (2012) who concluded no or little mass loss (equivalent to Reimers η below 0.2) for the open clusters NGC 6819 and NGC 6791, which bracket the age of M67. Finally, we obtain an average age of Age grid = 3.46 ± 0.13 Gyr for our giants. This is on the lower side compared to traditional isochrone fitting results ranging 3.6-4.6 Gyr Figure 5b ). We note that the small uncertainty in the adopted average metallicity tends to favor a grid-modeling solution in a single metallicity value, potentially biasing our result. Also, model-dependent age systematics are not taken into account, making our uncertainties underestimated. We would caution adopting this age given the poor match of the 3.5 Gyr isochrone at the turn off in Figure 1 , which we attribute partly to uncertainties in the convective core overshoot (Dinescu et al. 1995) , and partly to the lack of stronger age contraints from turn-off stars with seismic measurements, as concluded for the Hyades (Lund et al. in preparation). We summarize the results of this section in Table 2. 6. CONCLUSION Our analysis of K2 campaign-5 data demonstrates clear detection of oscillations in the red giants of M67, and confirms previous claims of tentative detections in a few bright giants. The high quality of the K2 data enables us to measure global asteroseismic properties of stars in M67 for the first time.
From these we infer the stellar radius (hence distance), mass, and age. The distance and RGB mass are in agreement with literature values based on isochrone-fitting and the dynamical mass of a near turn-off (early subgiant) star in an eclipsing binary system. The seismic-informed age is on the lower end of independent determinations; reflecting that our seismic sample does not include turn-off stars. Our results lend support for the asteroseismic scaling relations (when corrected for well-understood offsets) as ways to obtain fundamental stellar properties. However, a more precise independent determination of stellar mass at the 0.01-0.02M ⊙ level, for example from eclipsing binaries, would be desirable in future to conclude which seismic approach is the most favorable. It would also be interesting to compare our results, distance in particular, with what will be obtained from Gaia.
